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Introduction
▪ Digital light processing (DLP) 
▪ Additive manufacturing technique
▪ Industry-leading print speeds, smooth surface 
finishes, sub-micron print resolution
▪ Novel self-healing ultra-stretchable UV-
curable photopolymers
▪ Large but fully recoverable deformations
▪ Few existing robust constitutive models 
▪ Soft robotics
▪ Flexible and compliant mechanism
▪ Example: NASA SmartSuit
L. Ge et al., Sensor Actuat. A-Phys. 273, 285–292, 2018.
R. Janusziewicz et al., P. Natl. Acad. Sci. USA 113(42), 11703–11708, 2016.
Introduction
▪ Digital Image Correlation (DIC)
▪ Optical strain measurement technique
▪ Tracks a high-contrast pattern on a sample 
in a series of images as it deforms
▪ Full-field strain maps
▪ Fewer studies on large-deformation DIC of 
soft materials
▪ Stereo DIC
▪ Calibrated pair of cameras
▪ 3D deformation measurements
▪ Coupon-level and component-level testing
Z. Tang et al., Opt. Laser Eng. 50, 122–130, 2012.
GOM Metrology Training Webinar, 2017.
Methodology
▪ Design a cost-effective stereo DIC 
system 
▪ Literature review 
▪ Select system components
▪ Obtain funding for system 
▪ Implement open-source DIC code
▪ Research existing codes 
▪ Prototype 2D DIC System 
▪ Test elastic household materials
▪ Draft system procedures
J. Blaber et al., Exp. Mech. 55, 1105–1122, 2015.
Methodology
▪ Optimize procedures for large-
deformation DIC of soft materials
▪ Patterning technique
▪ Robust DIC algorithms
▪ Build system
▪ Validate and verify DIC system’s 
accuracy
▪ Prepare for testing of novel Air 
Force Research Lab materials
▪ Plan appropriate mechanical testing 
conditions for test array
Current Results
▪ Operational 3D DIC system
▪ Sony IMX267 sensors (4096 x 2160 px)
▪ High resolution along longitudinal axis
▪ Optimized DIC procedures
▪ Patterning technique: ink stamps or fine air 
brushing
▪ Stereo DIC: reduces error from vibrations, out-
of-plane motion, heat waves
▪ Digital Image Correlation Engine (DICe)
▪ Robust stereo DIC algorithms 
▪ Virtual extensometer and strain gauge
▪ Actively  improving testing workflow
Expected Results
▪ V&V the system’s accuracy 
▪ Obtain data from developmental AFRL 
photopolymer (Instron/in-house DIC)
▪ Array of mechanical tests (e.g., uniaxial 
tension, uniaxial compression, pure shear, etc.)
▪ Varied strain rates
▪ Cyclic loading
▪ Create robust constitutive models and 
finite-element analysis (FEA) tools 
▪ Validate FEA models with 3D DIC analyses 
of a prototype soft robot
Conclusion
▪ Large-deformation stereo DIC is a 
powerful tool
▪ Model development 
▪ V&V 
▪ Robust models of novel photopolymers 
will promote the design, control, and 
optimization of soft robots
▪ Soft robots will provide compelling 
solutions for NASA Artemis program and 
future deep space missions
▪ Thanks to OSGC, UD Honors Program, 
and the Berry Summer Thesis Institute
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